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EQUIPMENT LINE

(67)  Amethod for manufacturing a steel plate accord-
ing to the present invention includes: a temperature
measurement step of measuring a surface temperature
in an entire width and an entire length of at least one of
an upper surface and a lower surface of a steel plate; an
accelerated cooling step of cooling the steel plate while
conveying the steel plate; a cutting step of cutting the
steel plate into a number of plates such that the number
of plates corresponds to a measurement result of the
surface temperature measured in the temperature meas-
urement step; and a surface layer hardness measure-
ment step of measuring surface layer hardness in the
entire width and the entire length of at least one of the
upper surface and the lower surface of the steel plate.
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Description
Field
[0001] The present invention relates to a method for

manufacturing a steel plate and a facility line for manu-
facturing a steel plate.

Background

[0002] Conventionally, with increasing energy de-
mand, the construction of pipelines for transporting nat-
ural gas and oil is increasing. A UOE steel pipe (or press
bend steel pipe) is known as one type of steel pipe used
for pipelines. When manufacturing a UOE steel pipe or
a press bend steel pipe, first, a continuously cast steel
piece is roughlyrolled, and then finish rolling is performed
in order to obtain a predetermined plate thickness and
internal quality. Next, as heat treatment for obtaining var-
ious mechanical properties, quenching, annealing, and
the like are performed as necessary. Then, a steel plate
obtained through such a process is curved in a plate width
direction to be tubular, and a butted portion is welded in
a long axis direction of the steel plate, thereby manufac-
turing a steel pipe. The surface layer hardness on an
inner surface of the steel pipe applied to a pipeline causes
corrosion cracking, and thus is defined in a specification
at the time of manufacturing a steel pipe, and conven-
tionally, quality assurance of the surface layer hardness
onthe inner surface of the steel pipe has been performed
by sampling inspection. In addition, Patent Literature 1
discloses a technique of measuring the surface layer
hardness on an outer surface of a steel pipe using a sen-
sor that detects an electromagnetic characteristic value
such as an eddy current.

Citation List
Patent Literature

[0003] Patent Literature 1: Japanese Patent No.
4998821 Non Patent Literature

Non Patent Literature 1: Development of an Eddy
Current based Inspection Technique for the Detec-
tion of Hard Spots on Heavy Plates, WCNDT 2016
(Th1-h1-1)

Non Patent Literature 2: ELECTROMAGNETEC
NONDESTRUCTIVE EVALUATION (XI), p.21-p.25

Summary

Technical Problem

[0004] However,inthe quality assurance of the surface
layer hardness on an inner surface of a steel pipe by the

conventional sampling inspection, the surface layer hard-
ness on an entire inner surface of the steel pipe cannot
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be guaranteed, and after the steel pipe is applied to a
pipeline, a hardened portion (hard spot) having a partially
hard surface layer hardness exists in the inner surface
of the steel pipe, and therefore corrosion cracking occurs
due to the hardened portion.

[0005] Inaddition, itis conceivable to measure the sur-
face layer hardness on an entire inner surface of a steel
pipe by using a sensor that detects an electromagnetic
characteristic value as in the technology disclosed in Pat-
ent Literature 1. However, a complicated mechanism is
required to scan an entire surface on an inner surface
side of a steel pipe using the sensor, which is not prac-
tical. Specifically, for example, it is necessary to arrange
a plurality of sensors on an inner surface side of a steel
pipe and adjust the arrangement of the plurality of sen-
sors according to the size of the steel pipe, or it is nec-
essary to rotate the plurality of sensors or the steel pipe
in order to scan the entire surface on the inner surface
side of the steel pipe. Therefore, the work of measuring
the surface layer hardness becomes complicated, and
there is a concern that productivity of a steel pipe is de-
teriorated.

[0006] Examples of the cause of the occurrence of the
hardened portion include a two-phase structure of ferrite
and bainite in a surface layer portion. This is because
when an accelerated cooling start temperature of a steel
plate falls below the Ar3 point during the steel plate man-
ufacturing, polygonal ferrite is generated in a surface lay-
er portion when accelerated cooling is performed, and
carbon discharged in a ferrite generation process is con-
centrated in an untransformed austenite region, so that
lath-bainite is prone to be formed, and as a result, the
hardness of bainite increases. In the technique of meas-
uring electromagnetic characteristic values by eddy cur-
rent measurement to determine the hardness as dis-
closed in Patent Literature 1, it is difficult to accurately
evaluate the hardness in a structure in which ferrite and
bainite are mixed, and there is a problem that over-de-
tection or non-detection of a hardened portion is caused.
In a case where there are many over-detections in a hard-
ness evaluation, productivity decreases. In addition, in a
case where there is non-detection, there is a possibility
of corrosion causing a leakage accident after a line pipe
is laid.

[0007] The present invention has been made in view
of the above problems, and an object thereof is to provide
a method for manufacturing a steel plate and a facility
line for manufacturing a steel plate which are capable of
manufacturing a steel plate with specified surface layer
hardness.

Solution to Problem

[0008] To solve the above-described problem and
achieve the object, a method for manufacturing a steel
plate according to the present invention includes: a tem-
perature measurement step of measuring a surface tem-
perature in an entire width and an entire length of at least
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one of an upper surface and a lower surface of a steel
plate; an accelerated cooling step of cooling the steel
plate while conveying the steel plate; a cutting step of
cutting the steel plate into a number of plates such that
the number of plates corresponds to a measurement re-
sult of the surface temperature measured in the temper-
ature measurement step; and a surface layer hardness
measurement step of measuring surface layer hardness
in the entire width and the entire length of at least one of
the upper surface and the lower surface of the steel plate.
[0009] Moreover, the above-described method for
manufacturing a steel plate according to the present in-
vention includes a hardened portion removing step of
removing a hardened portion, which is harder than hard-
ness set in advance, in a surface layer of the steel plate
based on a measurementresult of the surface layer hard-
ness measured in the surface layer hardness measure-
ment step.

[0010] Moreover, in the above-described method for
manufacturing a steel plate according to the present in-
vention, in the temperature measurement step, a tem-
perature distribution of the surface temperature is divided
into N evaluation ranges set in advance in a longitudinal
direction of the steel plate, and an evaluation index of
temperature is calculated for each of the divided evalu-
ation ranges.

[0011] Moreover, in the above-described method for
manufacturing a steel plate according to the present in-
vention, in the cutting step, the steel plate is cut into an
initially set number of plates in a case where all the eval-
uation ranges are determined to be passed, based on
the evaluation index for each of the evaluation ranges.
[0012] Moreover, in the above-described method for
manufacturing a steel plate according to the present in-
vention, in the cutting step, in a case where it is deter-
mined, based on the evaluation index for each of the
evaluation ranges, thatthereis a failure in even one place
in the N-divided evaluation ranges, a number of plates
that can be acquired from the steel plate is calculated,
and in a case where it is determined that one or more
plates can be acquired from the steel plate, the steel plate
is cut based on the calculated number of plates and the
passed evaluation range.

[0013] Moreover, in the above-described method for
manufacturing a steel plate according to the present in-
vention, in the cutting step, in a case where it is deter-
mined, based on the evaluation index for each of the
evaluation ranges, that thereis a failure in even one place
in the N-divided evaluation ranges, a number of plates
that can be acquired from the steel plate is calculated,
and in a case where it is determined that not even one
plate can be acquired from the steel plate, the steel plate
is not cut.

[0014] Moreover, in the above-described method for
manufacturing a steel plate according to the present in-
vention, the surface layer hardness measurement step
includes afirst surface layer hardness measurement step
of measuring the surface layer hardness by utilizing a
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fact that an electromagnetic feature quantity of a surface
layer of the steel plate changes according to the surface
layer hardness, and a second surface layer hardness
measurement step of measuring the surface layer hard-
ness of a portion of the steel plate from which a hardened
portion has been removed in the hardened portion re-
moving step, by utilizing a fact that an electromagnetic
feature quantity of a surface layer of the steel plate chang-
es according to the surface layer hardness or by using a
Leeb hardness evaluation method.

[0015] Moreover, a facility line for manufacturing a
steel plate according to the present invention includes:
a temperature measurement facility configured to meas-
ure a surface temperature in an entire width and an entire
length of at least one of an upper surface and a lower
surface of a steel plate; an accelerated cooling facility
configured to cool the steel plate while conveying the
steel plate after heating the steel plate; a cutting facility
configured to cut into a number of plates such that the
number of plates corresponds to a measurement result
of the surface temperature measured with the tempera-
ture measurement facility; and a surface layer hardness
measurement facility configured to measure surface lay-
er hardness in the entire width and the entire length of
at least one of the upper surface and the lower surface
of the steel plate.

[0016] Moreover, the above-described facility line for
manufacturing a steel plate according to the present in-
vention includes a hardened portion removing facility
configured to remove a hardened portion, which is harder
than hardness set in advance, in a surface layer of the
steel plate based on a measurement result of the surface
layer hardness measured with the surface layer hardness
measurement facility.

Advantageous Effects of Invention

[0017] A method for manufacturing a steel plate and a
facility line for manufacturing a steel plate according to
the present invention have an effect that a steel plate
with specified surface layer hardness can be manufac-
tured. Brief Description of Drawings

FIG. 1 is a diagram illustrating each processing step
of manufacturing a steel plate from a steel piece to
which a method for manufacturing a steel plate ac-
cording to an embodiment is applied.

FIG.2is adiagramillustrating an example of a facility
line for manufacturing a steel plate according to an
embodiment.

FIG. 3 is a diagram illustrating an example of a tem-
perature measurement facility used in a temperature
measurement step.

FIG. 4 is a diagram illustrating N-divided evaluation
ranges in a longitudinal direction of a steel plate.
FIG.5is a flowchart illustrating an example of control
performed in a temperature measurement step.
FIG. 6 is a flowchart illustrating an example of control
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performed in a cutting step.

FIG. 7 is a diagram illustrating an example of an au-
tomatic surface layer hardness measurementdevice
provided in a first hardness measurement facility
used in a first surface layer hardness measurement
step.

FIG. 8 is a diagram illustrating an example of an ar-
rangement state of hardness sensors in an upper-
surface-measuring sensor head and a lower-sur-
face-measuring sensor head.

FIG. 9isadiagramillustrating a calibration steel plate
provided with a sensitivity calibration site and an ar-
tificial hardened portion.

FIG. 10is a flowchart illustrating an example of con-
trol performed in afirst surface layer hardness meas-
urement step, a hardened portion removing step,
and a second surface layer hardness measurement
step. Description of Embodiments

[0018] Hereinafter, an embodiment of a method for
manufacturing a steel plate and a facility line for manu-
facturing a steel plate according to the present invention
will be described. Note that the present invention is not
limited by the present embodiment.

[0019] FIG. 1is a diagram illustrating each processing
step of manufacturing a steel plate from a steel piece to
which a method for manufacturing a steel plate according
to an embodiment is applied. As illustrated in FIG. 1, the
method for manufacturing a steel plate according to an
embodiment includes: a rough rolling step 1 and a finish
rolling step 2, which are rolling steps of rolling a steel
piece S1 manufactured by a continuous casting machine
to obtain a steel plate S2; a temperature measurement
step 3 of measuring a surface temperature in an entire
width and an entire length of at least one of an upper
surface and a lower surface of the steel plate S2 before
cooling the steel plate S2 is performed; an accelerated
cooling step 4 of performing accelerated cooling on the
steel plate S2; a cutting step 5 of cutting the steel plate
S2into a number of plates such that the number of plates
corresponds to a measurement result of the surface tem-
perature measured in the temperature measurement
step 3; a first surface layer hardness measurement step
6 of measuring surface layer hardness of the steel plate
S2 from an electromagnetic characteristic value; a hard-
ened portion removing step 7 of removing a hardened
portion in the steel plate S2 in a case where the hardened
portion (hard spot) exists on the steel plate S2 in the first
surface layer hardness measurement step 6; and a sec-
ond surface layer hardness measurement step 8 of
measuring surface layer hardness of a portion of the steel
plate S2 from which the hardened portion has been re-
moved.

[0020] Inthefirstsurface layer hardness measurement
step 6 and the second surface layer hardness measure-
ment step 8, the surface layer hardness of the steel plate
S2 is measured from an electromagnetic characteristic
value, measured by a hardness meter using a rebound
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type probe, or measured by a hardness meter using an
indentation type probe. Examples of a measurement
method using a hardness meter using a rebound type
probe include a Leeb hardness evaluation method. Ex-
amples of a measurement method using a hardness me-
ter using an indentation type include a Rockwell hardness
test. In addition, in the method for manufacturing a steel
plate according to an embodiment, the cutting step 5 may
be performed after the first surface layer hardness meas-
urement step 6, the hardened portion removing step 7,
the second surface layer hardness measurement step 8,
and the like.

[0021] FIG. 2is a diagram illustrating an example of a
facility line for manufacturing a steel plate according to
an embodiment. In FIG. 2, solid arrows indicate flows of
steel plates S2 and S3 between respective facilities. In
addition, in FIG. 2, broken line arrows indicate flows of
information between respective facilities, respective unit,
and the like.

[0022] The facility line for manufacturing a steel plate
according to an embodiment includes a pre-process fa-
cility PE1 such as rolling facility used in the rolling step
(the rough rolling process 1 and the finish rolling process
2), a temperature measurement facility 30 used in the
temperature measurement step 3, an accelerated cool-
ing facility 40 used in the accelerated cooling step 4, a
plate cutting facility 50 and a steel plate carrying-out fa-
cility 52 which are used in the cutting step 5, a first hard-
ness measurement facility 60 used in the first surface
layer hardness measurement step 6, a hardened portion
removing facility 70 used in the hardened portion remov-
ing step 7, and a second hardness measurement facility
80 used in the second surface layer hardness measure-
ment step 8.

[0023] The first hardness measurement facility 60
used in the first surface layer hardness measurement
step 6 measures the surface layer hardness of the steel
plate S2 using, for example, a fact that the electromag-
netic feature quantity of the steel plate surface layer
changes according to a change in hardness. In addition,
the second hardness measurement facility 80 used in
the second surface layer hardness measurement step 8
measures the surface layer hardness of the steel plate
S2 using, for example, a fact that the electromagnetic
feature quantity of the steel plate surface layer changes
according to a change in hardness, or measures the sur-
face layer hardness of the steel plate S2 using a Leeb
hardness evaluation method.

[0024] In addition, the facility line for manufacturing a
steel plate according to an embodiment is provided with
a temperature evaluation unit 31 and a temperature
measurement result output unit 32 which are used in the
temperature measurement step 3, a blanking calculation
unit 51 used in the cutting step 5, a first inspection result
output unit 61 used in the first surface layer hardness
measurement step 6, and a second inspection result out-
put unit 81 used in the second surface layer hardness
measurement step 8.
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[0025] In the facility line for manufacturing a steel plate
according to an embodiment, the surface layer hardness
of the steel plate S2 is measured by the first hardness
measurement facility 60 or the second hardness meas-
urement facility 80, and in a case where the steel plate
S2 has no hardened portion and is determined to be suit-
able, itis determined that manufacturing of the steel plate
S3 used for manufacturing a steel pipe is completed, and
the steel plate S3 is sent to the post-process facility PE2
used in a post-process (steel pipe manufacturing step or
the like). In addition, in the facility line for manufacturing
a steel plate according to an embodiment, in a case
where cutting the steel plate S2 is not performed in the
cutting step 5, the steel plate S2 is carried out to a storage
yard 90 by the steel plate carrying-out facility 52.
[0026] FIG. 3 is a diagram illustrating an example of
the temperature measurementfacility 30 used in the tem-
perature measurement step 3. The temperature meas-
urement facility 30 includes an upper-surface-measuring
radiation thermometer 301 for measuring a temperature
of an upper surface of the steel plate S2 sent from the
pre-process facility PE1 (see FIG. 2) and a lower-surface-
measuring radiation thermometer 302 for measuring a
temperature of a lower surface of the steel plate S2. As
the upper-surface-measuring radiation thermometer 301
and the lower-surface-measuring radiation thermometer
302, for example, a scanning type radiation thermometer
can be used. In the temperature measurement facility
30, the upper-surface-measuring radiation thermometer
301 and the lower-surface-measuring radiation ther-
mometer 302 are installed on an entrance side of the
accelerated cooling facility 40 used for cooling the steel
plate S2 in the accelerated cooling step 4, at positions
facing the upper surface and the lower surface of the
steel plate S2, respectively. As a result, the temperature
measurement facility 30 can measure the temperature
of the entire length L and the entire width W of the upper
surface and the lower surface of the steel plate S2 con-
veyed toward the accelerated cooling facility 40 by a con-
veyance table roll 100.

[0027] FIG. 4 is a diagram illustrating N-divided eval-
uation ranges in a longitudinal direction of the steel plate
S2. In the temperature measurement step 3, the temper-
ature evaluation unit 31 divides the temperature distribu-
tion of each of the upper surface and the lower surface
of the steel plate S measured by the temperature meas-
urement facility 30 into N evaluation ranges (in FIG. 4,
evaluation range 1, evaluation range 2, evaluation range
3,..., and evaluation range N) set in advance in the lon-
gitudinal direction of the steel plate S2 as illustrated in
FIG. 4, and calculates, for example, an average value, a
maximum value, a minimum value, and a standard devi-
ation of the temperature, as evaluation indices for each
ofthe divided evaluation ranges. As the evaluation index,
at least one of an average value, a maximum value, a
minimum value, and a standard deviation of the temper-
ature may be calculated.

[0028] In addition, in the temperature measurement
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step 3, the temperature measurement result output unit
32 illustrated in FIG. 2 displays the temperatures of the
upper surface and the lower surface of the steel plate S2
measured by the temperature measurement facility 30,
or outputs information on the temperature to another out-
put unit.

[0029] FIG. 5 is a flowchart illustrating an example of
control performed in the temperature measurement step
3.

[0030] First, in the temperature measurement step 3,
the upper-surface-measuring radiation thermometer 301
and the lower-surface-measuring radiation thermometer
302 measure the respective surface temperatures of the
upper surface and the lower surface of the steel plate S2
(Step ST1). Next, in the temperature measurement step
3, the temperature evaluation unit 31 divides the temper-
ature distribution in each of the upper surface and the
lower surface of the steel plate S2 measured into N eval-
uation ranges set in advance in the longitudinal direction
of the steel plate S2 asiillustratedin FIG. 4, and calculates
an average value, a maximum value, a minimum value,
and a standard deviation of the temperature, as evalua-
tion indices for each of the divided evaluation ranges
(Step ST2). Next, in the temperature measurement step
3, information on the evaluation indices (an average val-
ue, a maximum value, a minimum value, and a standard
deviation of the temperature) calculated by the temper-
ature evaluation unit 31 is output to the blanking calcu-
lation unit 51 used in the cutting step 5 (Step ST3). Next,
in the temperature measurement step 3, the temperature
measurement result output unit 32 displays the meas-
ured temperature or outputs information on the temper-
ature to another output unit (Step ST4). Thereafter, in
the temperature measurement step 3, a series of control
ends.

[0031] In the temperature measurement step 3, the
controlin which the temperature measurementresult out-
put unit 32 displays the measured temperature or outputs
the information on the temperature to another output unit
may be performed at a timing before or the same timing
as the control in which the evaluation index is calculated
by the temperature evaluation unit 31 after the surface
temperature of each of the upper surface and the lower
surface of the steel plate S2 is measured.

[0032] The accelerated cooling step 4 is a step of cool-
ing a high-temperature steel plate immediately after hot
rolling or a steel plate reheated to a high temperature by,
forexample, an accelerated cooling facility whichis pass-
through water cooling facility. In the present invention,
the accelerated cooling step 4 is not particularly limited,
and various known methods can be applied.

[0033] Next, the cutting step 5 will be described. In the
cutting step 5, from the temperature distribution of the
surface temperature of the steel plate S2 measured in
the temperature measurement step 3 before the accel-
eration cooling in the accelerated cooling step 4, a portion
where a hardened portion (hard spot) is prone to be gen-
erated on the surface layer of the steel plate S2 by the
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acceleration cooling is determined, and the steel plate
S2 is cut into a number of plates such that the number
of plates corresponds to the measurement result of the
surface temperature measured in the temperature meas-
urement step 3 while excluding the portion.

[0034] Inthe cutting step 5, first, based on the average
value, the maximum value, the minimum value, and the
standard deviation of the temperature calculated as the
evaluation indices for each of the N-divided evaluation
ranges calculated by the temperature evaluation unit 31
in the temperature measurement step 3, the blanking cal-
culation unit 51 determines whether or not all the N-di-
vided evaluation ranges are passed with respect to a
threshold value set in advance. Note that, it is desirable
to set the threshold value for each of the N-divided eval-
uation ranges. In addition, it is desirable to set the thresh-
old value in consideration of a temperature decrease
from the temperature measurement in the temperature
measurement step 3 to reaching the accelerated cooling
facility. In addition, itis desirable to set the threshold value
by adding a margin in consideration of the measurement
accuracy of the radiation thermometer and the like to the
temperature of the Ar3 point determined by components
of the steel plate S2. As a determination criterion of the
pass or fail (that is, whether or not the evaluation range
may be used) of the evaluation range with respect to the
threshold value, for example, in a case where the mini-
mum value of the temperature that is the evaluation index
is equal to or less than the threshold value, or in a case
where a value obtained by subtracting 3c (o is a standard
deviation) from the average value of the temperature that
is the evaluation index is equal to or less than the thresh-
old value, it is determined to be passed.

[0035] In a case where it is determined that all the N-
divided evaluation ranges are determined to be passed
with respect to the threshold value set in advance, the
blanking calculation unit 51 outputs, to the plate cutting
facility 50, information on the initially set number of plates
to be cut from one steel plate S2 by the plate cutting
facility 50 in order to cut the steel plate S2.

[0036] Inaddition,inacase where itis determined that
there is a failure in even one place in the N-divided eval-
uation ranges, the blanking calculation unit 51 calculates
the number of plates that can be acquired from one steel
plate S2, based on the consecutive passed portions in
the N-divided evaluation ranges. Then, in a case of de-
termining that one or more plates can be acquired from
one steel plate S2, the blanking calculation unit 51 recal-
culates the cutting position at which the steel plate S2 is
cut, based on the calculated number of plates and the
passed evaluationrange, and outputs information for cut-
ting the steel plate S2 to the plate cutting facility 50.
[0037] Then, the plate cutting facility 50 cuts the steel
plate S2 that has undergone the accelerated cooling step
4, based on the number of plates cut from one steel plate
S2 acquired from the blanking calculation unit 51. There-
after, the cut steel plate S2 is carried out to the first hard-
ness measurement facility 60 used in the first surface
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layer hardness measurement step 6 by the steel plate
carrying-out facility 52.

[0038] In addition, in a case where even one place is
determined to be failed in the N-divided evaluation rang-
es, the blanking calculation unit 51 calculates the number
of plates that can be acquired from one steel plate S2,
based on the consecutive passed portion in N-divided
evaluation ranges, and in a case where it is determined
that not even one plate can be acquired from one steel
plate S2, the blanking calculation unit outputs, to the steel
plate carrying-out facility 52, information for carrying-out
the steel plate S2 from the manufacturing line to the stor-
age yard 90 using the steel plate carrying-out facility 52,
without cutting the steel plate S2 that has undergone the
accelerated cooling step 4 by the plate cutting facility 50.
Then, the steel plate carrying-out facility 52 carries out
the steel plate S2 determined not to be cut from the man-
ufacturing line to the storage yard 90 storing the steel
plate S2.

[0039] FIG. 6 is a flowchart illustrating an example of
control performed in the cutting step 5.

[0040] First, in the cutting step 5, the blanking calcu-
lation unit 51 determines whether or not the evaluation
index is larger than a threshold value set in advance in
allthe N-divided evaluationranges (Step ST11). Inacase
of determining that the evaluation index is larger than the
threshold value set in advance in all the N-divided eval-
uation ranges (Yes in Step ST11), the blanking calcula-
tion unit 51 determines to be passed in all the N-divided
evaluation ranges (Step ST12). Next, the blanking cal-
culation unit 51 outputs, to the plate cutting facility 50,
information on the initially set number of plates to be cut
from one steel plate S2 (Step ST13). Next, in the cutting
step 5, the plate cutting facility 50 cuts the steel plate S2
into a plurality of plates based on the acquired information
on the initially set number of plates (Step ST14). There-
after, in the cutting step 5, a series of control ends.
[0041] Onthe other hand, in a case of determining that
the evaluation indices are not necessarily larger than the
threshold value set in advance in all the N-divided eval-
uation ranges, in other words, in a case of determining
that the evaluation index is equal to or smaller than the
threshold value set in advance in even one place of the
N-divided evaluation ranges (No in Step ST11), the
blanking calculation unit 51 determines that there is a
failure in at least one place in the N-divided evaluation
ranges (Step ST15). Next, the blanking calculation unit
51 calculates the number of plates that can be acquired
from one steel plate S2 (the number of plates that can
be taken), based on the consecutive passed portions in
the N-divided evaluation ranges (Step ST16).

[0042] The blanking calculation unit 51 determines
whether or not one or more plates can be acquired from
one steel plate S2 (Step ST17). In a case of determining
that one or more plates can be acquired from one steel
plate S2 (Yes in Step ST17), the blanking calculation unit
51 calculates a cutting position at which the steel plate
S2 is cut based on the calculated number of plates (the
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number of plates that can be taken) and the passed eval-
uation range (Step ST18). Next, the blanking calculation
unit 51 outputs information on the calculated cutting po-
sition to the plate cutting facility 50 (Step ST19). Next, in
the cutting step 5, the plate cutting facility 50 cuts the
steel plate S2 into a plurality of plates based on the ac-
quired information on the cutting position (Step ST14).
Thereafter, in the cutting step 5, a series of control ends.
[0043] In addition, in the process of Step ST17, in a
case where it is determined that not even one plate can
be acquired from the one steel plate S2 (No in Step
ST17), the blanking calculation unit 51 outputs, to the
steel plate carrying-outfacility 52, information for carrying
out the steel plate S2 from the manufacturing line to the
storage yard 90 using the steel plate carrying-out facility
52 without cutting the steel plate S2 (Step ST20). Next,
in the cutting step 5, the steel plate carrying-out facility
52 carries out the steel plate S2 from the manufacturing
line to the storage yard 90 based on the acquired infor-
mation for carrying out the steel plate S2 from the man-
ufacturingline (Step ST21). Thereafter, in the cutting step
5, a series of control ends.

[0044] Inthe description of the above embodiment, the
case where the pass or fail determination or the steel
plate cutting is performed by dividing the evaluation
range into N evaluation ranges set in advance in the lon-
gitudinal direction of the steel plate S2, in the temperature
measurement step 3 and the cutting step 5 was de-
scribed. As another embodiment of the presentinvention,
it is also possible to perform pass or fail determination
and steel plate cutting by dividing the evaluation range
into M evaluation ranges set in advance in the width di-
rection of the steel plate S2. As still another embodiment
of the present invention, it is also possible to perform
pass or fail determination and steel plate cutting by di-
viding the evaluation range into evaluation ranges set in
advance in both the longitudinal direction and the width
direction of the steel plate S2.

[0045] Next, the first surface layer hardness measure-
ment step 6 will be described. Thefirst surface layer hard-
ness measurement step 6 is configured with a step of
measuring an electromagnetic characteristic value
(change in coercive force or magnetic permeability, or
the like)inarange of 0.1 [mm]to 1 [mm)] below the surface
layer of at least one of the upper surface and the lower
surface of the steel plate S2, and measuring the hardness
of the surface layer of at least one of the upper surface
and the lower surface based on the measured charac-
teristic value, and a step of determining whether or not
there is a hardened portion (hard spot) harder than the
surface layer hardness set in advance by the measure-
ment.

[0046] Here, aknown method can be used to measure
the hardness of the surface layer from the electromag-
netic characteristic value of the surface layer of the steel
plate S2. In general, it is known that there is a relationship
between the shape of the magnetic hysteresis curve with
respect to the surface layer of the steel plate and the
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hardness of the surface layer of the steel plate, and for
example, in the method described in Non Patent Litera-
ture 1, the hardness of the surface layer of the steel plate
is estimated by measuring the magnetic permeability. In
addition, in the method described in Non Patent Litera-
ture 2, a feature quantity is extracted from the shape of
the magnetic hysteresis curve, and the relationship be-
tween the feature quantity and the hardness of the sur-
face layer of the steel plate is machine-learned in ad-
vance to estimate the hardness of the surface layer of
the steel plate. In the first surface layer hardness meas-
urement step 6 according to the present embodiment, a
method is applied in which the electromagnetic charac-
teristic value of the surface layer of the steel plate S2 is
measured by eddy current flaw detection method, and
the hardness of the surface layer of the steel plate S2 is
evaluated from the relationship between the magnetic
parameter (coercive force or magnetic permeability, or
feature quantity of hysteresis curve) described in Non
Patent Literature 1 and Non Patent Literature 2 and the
hardness of the surface layer of the steel plate. When
the electromagnetic characteristic value of the surface
layer of the steel plate S2 is measured by the eddy current
flaw detection method, for example, it is desirable to use
an eddy current signal whose frequency is set so as to
penetrate from the surface layer to a position of 300 [.m]
in the depth direction.

[0047] FIG. 7 is a diagram illustrating an example of
an automatic surface layer hardness measurement de-
vice 600 provided in the first hardness measurement fa-
cility 60 used in the first surface layer hardness meas-
urement step 6. In FIG. 7, the Y direction indicates the
longitudinal direction of the steel plate S2, and the X di-
rection indicates the width direction of the steel plate S2
orthogonal to the Y direction.

[0048] The automatic surface layer hardness meas-
urement device 600 includes an upper-surface-measur-
ing sensor head 601, a lower-surface-measuring sensor
head 602, a surface layer hardness measurement area
603, an upper-surface-side movable unit 604, a lower-
surface-side movable unit 605, and a calibration steel
plate 607.

[0049] The upper-surface-measuring sensor head 601
measures the surface layer hardness of the upper sur-
face of the steel plate S2, and the lower-surface-meas-
uring sensor head 602 measures the surface layer hard-
ness of the lower surface of the steel plate S2. In addition,
a plurality of hardness sensors 608 are provided by being
arranged in an array, on a surface of each of the upper-
surface-measuring sensor head 601 and the lower-sur-
face-measuring sensor head 602 on a side facing the
steel plate S2, as means for measuring the surface layer
hardness. The plurality of hardness sensors 608 are sen-
sors that measure electromagnetic characteristic values
of the surface layer of the steel plate S2 by eddy current
flaw detection method.

[0050] FIG. 8illustrates an example of an arrangement
state of the hardness sensors 608 in the upper-surface-
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measuring sensor head 601 and the lower-surface-
measuring sensor head 602. The upper-surface-meas-
uring sensor head 601 and the lower-surface-measuring
sensor head 602 demagnetize the entire surface of the
surface layer of the upper surface and the lower surface
of the steel plate S2 by the provided hardness sensor
608. In addition, the upper-surface-measuring sensor
head 601 and the lower-surface-measuring sensor head
602 magnetize the entire surface of the surface layer of
the upper surface and the lower surface of the steel plate
S2 by the provided hardness sensor 608, and measure
the electromagnetic characteristic value (change in co-
ercive force or magnetic permeability, or the like) of each
surface layer.

[0051] The plurality of hardness sensors 608 are con-
nected to a hardness sensor control unit 609 for control-
ling the hardness sensor 608. The hardness sensor con-
trol unit 609 controls demagnetization, magnetization,
and measurement of electromagnetic characteristic val-
ues of the hardness sensor 608. Furthermore, the hard-
ness sensor control unit 609 calculates the hardness of
the surface layers of the upper surface and the lower
surface, based on the measured electromagnetic char-
acteristic value. In addition, these control and calculation
can be performed individually for each hardness sensor
608 or simultaneously for all the hardness sensors 608.
[0052] Here, asthe hardness sensor 608 and the hard-
ness sensor controlunit609, known devices can be used.
For example, the relationship between the electromag-
netic characteristic value and the surface layer hardness
is set in advance for the surface layer of the steel plate
S2, and the hardness of the surface layer of the steel
plate S2 can be calculated and measured based on the
relationship and the electromagnetic characteristic value
of the surface layer measured by the hardness sensor
608.

[0053] The upper-surface-side movable unit 604 in-
cludes an upper surface side drive motor 604a and an
upper-surface-side guide rail 604b elongated in the X
direction in FIG. 7, and is configured such that the upper-
surface-measuring sensor head 601 is movable in the X
directionin FIG. 7 along the upper-surface-side guide rail
604b by the driving force from the upper surface side
drive motor 604a. In addition, the lower-surface-side
movable unit 605 includes a lower surface side drive mo-
tor 605a and a lower-surface-side guide rail 605b elon-
gated in the X direction in FIG. 7, and is configured such
that the lower-surface-measuring sensor head 602 is
movable in the X direction in FIG. 7 along the lower-sur-
face-side guide rail 605b by the driving force from the
lower surface side drive motor 605a.

[0054] The automatic surface layer hardness meas-
urementdevice 600 can measure hardness in the surface
layer hardness measurement area 603. Furthermore, in
the surface layer hardness measurement area 603, a
region larger than the X direction and the Y direction of
the steel plate S2 to be measured is set. In the surface
layer hardness measurement area 603, the steel plate
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S2ismovableintheY directionin FIG. 7 by a conveyance
mechanism configured with a plurality of conveyance roll-
ers (notillustrated). An opening 603a s provided in a part
of the surface layer hardness measurement area 603. A
part or the entirety of the lower-surface-measuring sen-
sor head 602 and the lower-surface-side guide rail 605b
are provided in the opening 603a in a state of being em-
bedded. With this installation state, the hardness sensor
608 provided in the lower-surface-measuring sensor
head 602 can face the lower surface of the steel plate
S2 in a non-contact manner.

[0055] Then, by combiningthe movement of the upper-
surface-measuring sensor head 601 in the X direction in
FIG. 7 by the upper-surface-side movable unit 604, the
movement of the lower-surface-measuring sensor head
602 in the X direction in FIG. 7 by the lower-surface-side
movable unit 605, and the movement of the steel plate
S2inthe Y direction in FIG. 7, the upper-surface-meas-
uring sensor head 601 and the lower-surface-measuring
sensor head 602 can be scanned (XY scanning) in the
X direction in FIG. 7 and the Y direction in FIG. 7. As a
result, demagnetization of the entire upper surface and
the entire lower surface of the steel plate S2 and meas-
urement of surface layer hardness become possible.
[0056] In the present embodiment, the lengths of the
upper-surface-measuring sensor head 601 and the low-
er-surface-measuring sensor head 602 in the X direction
in FIG. 7 are shorter than the maximum width of the steel
plate S2 in the X direction in FIG. 7 and longer than half
the maximum width. Then, a plurality of hardness sen-
sors 608 are arranged in an array, on a surface of each
of the upper-surface-measuring sensor head 601 and
the lower-surface-measuring sensor head 602 on a side
facing the steel plate S2, such that the surface layer hard-
ness can be measured with a width that is half the max-
imum width of the steel plate S2 in the X direction in FIG.
7. Therefore, at the time of measuring the surface layer
hardness, the steel plate S2 is divided into halves in the
Xdirection in FIG. 7 in the surface layer hardness meas-
urement area 603, and the surface layer hardness of one
side of the upper surface and the lower surface of the
steel plate S2 is measured for each side.

[0057] Onthe other hand, as the upper-surface-meas-
uring sensor head 601 and the lower-surface-measuring
sensorhead 602, thosein which alengthinthe X direction
in FIG. 7 is equal to or larger than the maximum width of
the steel plate S2 in the X direction in FIG. 7, and a plu-
rality of hardness sensors 608 are arranged on an array
so that the surface layer hardness can be measured with
the maximum width may be used. In this case, the surface
layer hardness of the upper surface and the lower surface
of the steel plate S2 is measured by moving the steel
plate S2 in the Y direction in FIG. 7 and performing scan-
ning (Y scanning) in the Y direction in FIG. 7 without
moving the upper-surface-measuring sensor head 601
and the lower-surface-measuring sensor head 602 in the
surface layer hardness measurement area 603.

[0058] Here, in order to accurately measure the sur-
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face layer hardness by the upper-surface-measuring
sensor head 601 and the lower-surface-measuring sen-
sor head 602, it is desirable to correct the variation in
sensitivity of each hardness sensor 608. Therefore, in
the first surface layer hardness measurement step 6, be-
fore performing the measurement of the surface layer
hardness of the upper surface and the lower surface of
the steel plate S2, the upper-surface-measuring sensor
head 601 and the lower-surface-measuring sensor head
602 may be moved into a sensitivity calibration area 606,
and the sensitivity calibration of each hardness sensor
608 may be performed using the calibration steel plate
607 having a uniform structure.

[0059] The automatic surface layer hardness meas-
urement device 600 can perform sensitivity calibration of
the hardness sensor 608 in the sensitivity calibration area
606. Further, in the sensitivity calibration area 606, a re-
gion larger than the calibration steel plate 607 in the X
direction in FIG. 7 and the Y direction in FIG. 7 is set. In
the sensitivity calibration area 606, the calibration steel
plate 607 is movable in the Y direction in FIG. 7, by a
conveyance mechanism configured with a plurality of
conveyance rollers (not illustrated). An opening 606a is
provided in a part of the sensitivity calibration area 606.
The lower-surface-side guide rail 605b is provided in the
opening 606a in a state of being embedded. In a case
where the lower-surface-measuring sensor head 602 is
positioned in the sensitivity calibration area 606 along
the lower-surface-side guide rail 605b, a part of or entirety
of the lower-surface-measuring sensor head 602 is dis-
posed in the opening 606a in a state of being embedded.
With this installation state, the hardness sensor 608 pro-
vided in the lower-surface-measuring sensor head 602
can face the lower surface of the calibration steel plate
607 in a non-contact manner.

[0060] Then, when performing sensitivity calibration of
each of the hardness sensors 608, the upper-surface-
measuring sensor head 601 and the lower-surface-
measuring sensor head 602 can be scanned (XY scan-
ning) in the X direction in FIG. 7 and the Y direction in
FIG. 7, by combining the movement of the upper-surface-
measuring sensor head 601 in the X direction in FIG. 7
by the upper-surface-side movable unit 604, the move-
ment of the lower-surface-measuring sensor head 602
in the X directionin FIG. 7 by the lower-surface-side mov-
able unit 605, and the movement of the calibration steel
plate 607 in the Y direction in FIG. 7. As a result, demag-
netization of a sensitivity calibration site 610 and an ar-
tificial hardened portion (artificialhard spot) 611 (see FIG.
9), which will be described later, provided on the calibra-
tion steel plate 607 and measurement of surface layer
hardness become possible.

[0061] Itis difficult to prepare a plate having a uniform
structure in a wide range, as the calibration steel plate
607. Therefore, in the present embodiment, as illustrated
in FIG. 9, when the upper-surface-measuring sensor
head 601 and the lower-surface-measuring sensor head
602 move in the X direction in FIG. 7, a test piece having
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a uniform structure having a size of about 100 [mm] X
100 [mm] is embedded in a portion of the calibration steel
plate 607 through which each hardness sensor 608 sure-
ly passes, whereby the sensitivity calibration site 610
having a uniform structure is provided in the calibration
steel plate 607. Then, the surface layer hardness of the
sensitivity calibration site 610 is measured by each of the
hardness sensors 608 of the upper-surface-measuring
sensor head 601 and the lower-surface-measuring sen-
sor head 602, and the sensitivity calibration for each of
the hardness sensors 608 is performed based on the
measurementresult. As a result, since the sensitivity cal-
ibration is performed in the sensitivity calibration site 610
having a uniform structure in any of the hardness sensors
608, itis possible to realize more accurate sensitivity cal-
ibration.

[0062] In addition, as illustrated in FIG. 9, the artificial
hardened portion 611 is provided on the upper surface
and the lower surface of calibration steel plate 607. The
artificial hardened portion 611 has a structure having
hardness corresponding to the threshold value of the sur-
face layer hardness set in advance for the surface layer
of the steel plate S2, and is artificially formed by, for ex-
ample, a so-called arc strike in which an arc is instanta-
neously blown onto a base material and immediately cut.
Then, after the sensitivity calibration of each of the hard-
ness sensors 608 is performed, the calibration steel plate
607 is moved in the Y direction in FIG. 7, the surface
layer hardness of the artificial hardened portion 611 is
measured by the upper-surface-measuring sensor head
601 and the lower-surface-measuring sensor head 602,
and the threshold value is set for each hardness sensor
608 based on the measurement result. As a result, using
the upper-surface-measuring sensor head 601 and the
lower-surface-measuring sensor head 602 after perform-
ing the sensitivity calibration of each of the hardness sen-
sors 608, it is possible to accurately determine whether
or not there is a hardened portion in a region where the
surface layer hardness of the upper surface and the lower
surface of the steel plate S2 is measured, on the basis
of the threshold value.

[0063] In the present embodiment, the automatic sur-
face layer hardness measurement device 600 has been
described as a steel plate use, but the present surface
layer hardness measurement device is not limited to the
steel plate use. Thatis, any material can be used as long
as demagnetization and measurement of electromagnet-
ic characteristic values can be performed.

[0064] In the present embodiment, it is described that
the surface layer hardness of the upper surface and the
lower surface of the steel plate S2 is measured, but the
surface layer of only the upper surface or the surface
layer of only the lower surface may be demagnetized.
The demagnetization range may be appropriately select-
ed according to the kind of the steel plate S2, the state
of the steel plate S2, or the measurement region of the
surface layer hardness of the steel plate S2.

[0065] Next, the hardened portion removing step 7 will
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be described. The hardened portion removing step 7 is
a step sentwhenitis determined that there is a hardened
portion by the first surface layer hardness measurement
step 6, and for example, the hardened portion is ground
and removed from the steel plate S2 by a known grinding
unit such as a grinder.

[0066] Here, itis desirable that the portion of the steel
plate S2 ground in the hardened portion removing step
7 is subjected to measurement of the wall thickness of
the steel plate S2 at the grinding position using an ultra-
sonic thickness meter to confirm whether the thickness
falls within a dimensional tolerance set in advance at the
time of manufacturing the steel plate. Furthermore, a nor-
mal ultrasonic thickness meter uses a single probe that
transmits and receives an ultrasonic wave with one trans-
ducer, or a binary probe that separately performs trans-
mission and reception of an ultrasonic wave, but since it
is necessary to evaluate the entire ground surface, it is
desirable to efficiently measure the thickness of the
ground surface by utilizing a phased array.

[0067] Next, the second surface layer hardness meas-
urement step 8 will be described. The second surface
layer hardness measurement step 8 is configured with a
step of measuring an electromagnetic characteristic val-
ue (change in coercive force or magnetic permeability,
or the like) in a range of 0.1 [mm] to 1 [mm] below the
surface layer for a portion ground in the hardened portion
removing step 7 of the steel plate S2 by the second hard-
ness measurement facility 80, and measuring the hard-
ness of the surface layer based on the measured char-
acteristic value, measuring the surface layer hardness
by a hardness meter using a rebound type probe, or
measuring the surface layer hardness by a hardness me-
ter using an indentation type probe, and a step of deter-
mining whether or not there is a hardened portion harder
than the surface layer hardness set in advance by the
measurement. In a case where there is a hardened por-
tion and it is determined to be not suitable in the deter-
mination, a steel plate is sent to the hardened portion
removing step 7 again, and in a case where there is no
hardened portion and it is determined to be suitable, the
manufacturing of the steel plate S3 is completed and the
steel plate S3 is sent to a post-process (steel pipe man-
ufacturing step or the like).

[0068] In the present embodiment, the hardened por-
tion removing step 7 has been described as a step of
removing the hardened portion of the steel plate S2 de-
termined in the first surface layer hardness measurement
step 6 and the second surface layer hardness measure-
ment step 8, but the presentinventionis not limited there-
to. As long as a method can remove the hardened portion
without changing the structure, the hardened portion of
the steel plate S2 can be removed by a step using a
known method other than grinding.

[0069] FIG. 10 is a flowchart illustrating an example of
control performed in the first surface layer hardness
measurement step 6, the hardened portion removing
step 7, and the second surface layer hardness measure-
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ment step 8.

[0070] First, in the first surface layer hardness meas-
urement step 6, the first hardness measurement facility
60 measures the surface layer hardness of the steel plate
S2 (Step ST31). Next, the first hardness measurement
facility 60 determines whether or not the measured sur-
face layer hardness of the steel plate S2 is smaller than
a threshold value set in advance (Step ST32). In the first
hardness measurement facility 60, in a case of determin-
ing that the measured surface layer hardness of the steel
plate S2 is smaller than the threshold value set in ad-
vance (Yes in Step ST32), a process proceeds to the
post-process PE2 (Step ST37) and a series of control
ends.

[0071] Onthe other hand, in a case of determining that
the measured surface layer hardness of the steel plate
S2is not smaller than the threshold value set in advance
(No in Step ST32), the first hardness measurement fa-
cility 60 re-measures the surface layer hardness of the
steel plate S2 (Step ST33). Next, in the hardened portion
removing step 7, the hardened portion removing facility
70 grinds the hardened portion of the steel plate S2 (Step
ST34). Next, inthe second surface layer hardness meas-
urement step 8, the second hardness measurement fa-
cility 80 measures the hardness of the ground portion of
the steel plate S2 (Step ST35). Next, the second hard-
ness measurement facility 80 determines whether or not
the measured hardness of the ground portion of the steel
plate S2 is smaller than a threshold value set in advance
(Step ST36). In the second hardness measurement fa-
cility 80, in a case of determining that the measured hard-
ness of the ground portion of the steel plate S2 is not
smaller than the threshold value set in advance (No in
Step ST36), the process proceeds to Step ST34. On the
other hand, in the second hardness measurement facility
80, in a case of determining that the measured hardness
of the ground portion of the steel plate S2 is smaller than
the threshold value set in advance (Yes in Step ST36),
a process proceeds to the post-process (Step ST37) and
a series of control ends.

[0072] In the method for manufacturing a steel plate
according to an embodiment, the steel plate S3 having
no hardened portion can be manufactured finally, through
the temperature measurement step 3 and the first surface
layer hardness measurement step 6, and as necessary,
the hardened portion removing step 7 and the second
surface layer hardness measurement step 8.

[0073] In addition, in the method for manufacturing a
steel plate according to an embodiment, since the elec-
tromagnetic characteristic value is measured after de-
magnetization of the surface layer of the upper surface
and/or the lower surface of the steel plate S2 during man-
ufacturing of the steel plate S3 before being processed
into a steel pipe, it is possible to continuously measure
the surface layer hardness of the upper surface and/or
the lower surface of the steel plate S2 in a non-contact
manner, and as a result, it is possible to suppress over-
looking of the hardened portion which has been a prob-
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lem in the conventional sampling inspection. Further-
more, by removing the hardened portion, which is the
hardened portion, from the steel plate S2, it is possible
to finally manufacture the steel plate S3 with the specified
surface layer hardness without the hardened portion.
[0074] Furthermore, in a case where a steel pipe or
the like is manufactured using the steel plate S3 without
such a hardened portion, it can be expected that the oc-
currence of corrosion cracking caused by the hardened
portion present in the surface layer of the manufactured
steel workpiece (steel pipe or the like) is suppressed. In
particular, in a case where a steel pipe manufactured
using the steel plate S3 manufactured by the method for
manufacturing a steel plate according to an embodiment
is applied to a pipeline, it can be expected that the effect
of suppressing the occurrence of corrosion cracking at-
tributable to the hardened portion on the inner surface of
the steel pipe can be more greatly obtained.

[0075] Furthermore, according to the automatic sur-
face layer hardness measurement device 600 described
in the present embodiment, since the surface layer hard-
ness can be measured after demagnetization of the sur-
face layer of the upper surface and/or the lower surface
of the steel plate S2 with a simple device configuration,
it is possible to detect the hardened portion on the upper
surface and/or the lower surface of the steel plate S2
without deteriorating productivity.

Industrial Applicability

[0076] As described above, in the present invention, it
is possible to provide a method for manufacturing a steel
plate and a facility line for manufacturing a steel plate
which are capable of manufacturing a steel plate in which
surface layer hardness is defined.

Reference Signs List

[0077]

1 ROUGH ROLLING STEP

2 FINISH ROLLING STEP

3 TEMPERATURE MEASUREMENT STEP

4 ACCELERATED COOLING STEP

5 CUTTING STEP

6 FIRST SURFACE LAYER HARDNESS MEAS-
UREMENT STEP

7 HARDENED PORTION REMOVING STEP

8 SECOND SURFACE LAYER HARDNESS
MEASUREMENT STEP

30 TEMPERATURE MEASUREMENT FACILITY

31 TEMPERATURE EVALUATION UNIT

32 TEMPERATURE MEASUREMENT RESULT
OUTPUT UNIT

40 ACCELERATED COOLING FACILITY

50 PLATE CUTTING FACILITY

51 BLANKING CALCULATION UNIT
52 STEEL PLATE CARRYING-OUT FACILITY
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60

61
70
80

81

100
301

302

600

601

602

603

603a
604
605
606
607
608
609
610
611
PE1
PE2
51
S2
S3
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FIRST HARDNESS MEASUREMENT FACILI-
TY

FIRST INSPECTION RESULT OUTPUT UNIT
HARDENED PORTION REMOVING FACILITY
SECOND HARDNESS MEASUREMENT FA-
CILITY

SECOND INSPECTION RESULT OUTPUT
UNIT

CONVEYANCE TABLE ROLL
UPPER-SURFACE-MEASURING RADIATION
THERMOMETER
LOWER-SURFACE-MEASURING
TION THERMOMETER
AUTOMATIC SURFACE LAYER HARDNESS
MEASUREMENT DEVICE
UPPER-SURFACE-MEASURING
HEAD
LOWER-SURFACE-MEASURING SENSOR
HEAD

SURFACE LAYER HARDNESS MEASURE-
MENT AREA

OPENING

UPPER-SURFACE-SIDE MOVABLE UNIT
LOWER-SURFACE-SIDE MOVABLE UNIT
SENSITIVITY CALIBRATION AREA
CALIBRATION STEEL PLATE

HARDNESS SENSOR

HARDNESS SENSOR CONTROL UNIT
SENSITIVITY CALIBRATION SITE
ARTIFICIAL HARDENED PORTION
PRE-PROCESS FACILITY

POST-PROCESS FACILITY

STEEL PIECE

STEEL PLATE

STEEL PLATE

RADIA-

SENSOR

1. Amethod for manufacturing a steel plate, the method
comprising:

a temperature measurement step of measuring
a surface temperature in an entire width and an
entire length of at least one of an upper surface
and a lower surface of a steel plate;

an accelerated cooling step of cooling the steel
plate while conveying the steel plate;

a cutting step of cutting the steel plate into a
number of plates such that the number of plates
corresponds to a measurement result of the sur-
face temperature measured in the temperature
measurement step; and

a surface layer hardness measurement step of
measuring surface layer hardness in the entire
width and the entire length of at least one of the
upper surface and the lower surface of the steel
plate.
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The method for manufacturing a steel plate accord-
ing to claim 1, comprising a hardened portion remov-
ing step of removing a hardened portion, which is
harder than hardness set in advance, in a surface
layer of the steel plate based on a measurement re-
sult of the surface layer hardness measured in the
surface layer hardness measurement step.

The method for manufacturing a steel plate accord-
ing to claim 1, wherein, in the temperature measure-
ment step, a temperature distribution of the surface
temperature is divided into N evaluation ranges set
in advance in a longitudinal direction of the steel
plate, and an evaluation index of temperature is cal-
culated for each of the divided evaluation ranges.

The method for manufacturing a steel plate accord-
ing to claim 2, wherein, in the temperature measure-
ment step, a temperature distribution of the surface
temperature is divided into N evaluation ranges set
in advance in a longitudinal direction of the steel
plate, and an evaluation index of temperature is cal-
culated for each of the divided evaluation ranges.

The method for manufacturing a steel plate accord-
ing to claim 3, wherein, in the cutting step, the steel
plate is cut into an initially set number of plates in a
case where all the evaluation ranges are determined
to be passed, based on the evaluation index for each
of the evaluation ranges.

The method for manufacturing a steel plate accord-
ing to claim 4, wherein, in the cutting step, the steel
plate is cut into an initially set number of plates in a
case where all the evaluation ranges are determined
to be passed, based on the evaluation index for each
of the evaluation ranges.

The method for manufacturing a steel plate accord-
ing to claim 3, wherein, in the cutting step, in a case
whereitis determined, based on the evaluationindex
for each of the evaluation ranges, that there is a fail-
ure in even one place in the N-divided evaluation
ranges, a number of plates that can be acquired from
the steel plate is calculated, and in a case where it
is determined that one or more plates can be ac-
quired from the steel plate, the steel plate is cut
based on the calculated number of plates and the
passed evaluation range.

The method for manufacturing a steel plate accord-
ing to claim 4, wherein, in the cutting step, in a case
where itis determined, based on the evaluationindex
for each of the evaluation ranges, that there is a fail-
ure in even one place in the N-divided evaluation
ranges, a number of plates that can be acquired from
the steel plate is calculated, and in a case where it
is determined that one or more plates can be ac-
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quired from the steel plate, the steel plate is cut
based on the calculated number of plates and the
passed evaluation range.

The method for manufacturing a steel plate accord-
ing to claim 3, wherein, in the cutting step, in a case
where itis determined, based on the evaluation index
for each of the evaluation ranges, that there is a fail-
ure in even one place in the N-divided evaluation
ranges, a number of plates that can be acquired from
the steel plate is calculated, and in a case where it
is determined that not even one plate can be ac-
quired from the steel plate, the steel plate is not cut.

The method for manufacturing a steel plate accord-
ing to claim 4, wherein, in the cutting step, in a case
where itis determined, based onthe evaluation index
for each of the evaluation ranges, that there is a fail-
ure in even one place in the N-divided evaluation
ranges, a number of plates that can be acquired from
the steel plate is calculated, and in a case where it
is determined that not even one plate can be ac-
quired from the steel plate, the steel plate is not cut.

The method for manufacturing a steel plate accord-
ing to claim 2, 4, 6, 8, or 10, wherein the surface
layer hardness measurement step includes

afirstsurface layer hardness measurement step
of measuring the surface layer hardness by uti-
lizing a fact that an electromagnetic feature
quantity of a surface layer of the steel plate
changes according to the surface layer hard-
ness, and

a second surface layer hardness measurement
step of measuring the surface layer hardness of
a portion of the steel plate from which a hard-
ened portion has been removed in the hardened
portion removing step, by utilizing a fact that an
electromagnetic feature quantity of a surface
layer of the steel plate changes according to the
surface layer hardness or by using a Leeb hard-
ness evaluation method.

A facility line for manufacturing a steel plate, the fa-
cility line comprising:

a temperature measurement facility configured
to measure a surface temperature in an entire
width and an entire length of at least one of an
upper surface and a lower surface of a steel
plate;

an accelerated cooling facility configured to cool
the steel plate while conveying the steel plate
after heating the steel plate;

a cutting facility configured to cut into a number
of plates such that the number of plates corre-
sponds to a measurement result of the surface
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temperature measured with the temperature
measurement facility; and

a surface layer hardness measurement facility
configured to measure surface layer hardness

in the entire width and the entire length of atleast 5
one of the upper surface and the lower surface

of the steel plate.

13. The facility line for manufacturing a steel plate ac-
cording to claim 12, comprising a hardened portion 70
removing facility configured to remove a hardened
portion, which is harder than hardness set in ad-
vance, in a surface layer of the steel plate based on
a measurement result of the surface layer hardness
measured with the surface layer hardness measure- 15
ment facility.
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